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(54) Vehicle transmission 

(57) A vefiicle transnnission (302) is equipped with 
an actuator (303) for shifting the transmission and a con- 
troller (306) for Issuing a command to the actuator (303) 
to control a shifting operation of the transmission (302). 
A vehicle speed sensor (305) detects a speed of a ve- 
hicle, and a gear position sensor detects a current gear 



306 



position of the transmission (302). The controller (306) 
stores at least two start gears higher a lowest gear of 
the transmission beforehand, and selects one start gear 
when starting a vehicle. The controller (306) selects the 
start gear based on whether the vehicle tows another 
vehicle or not. 
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Description 

[0001] This application claims priority of Japanese 
Patent Application No. 2000-1 01284 tiled on March 31 , 
2000, the entire disclosure of which Is Incorporated 5 
herein by reference, 

[0002] The present invention generally relates to a ve- 
hicle transmission that is shifted by an actuator, and 
more particularly to a transmission that realizes smooth 
and comfortable starting of a vehicle. 
[0003] A total weight and load of large trucks such as 
tractor-trailer greatly differs from when the tractor does 
not tow a trailer (or the trailer is empty and carries no 
load) to when the tractor tows a fully-loaded trailer. In 
orderto maintain a satisfactory engine running condition 
and allow a driver to drive a vehicle comfortably in any 
situations, a large truck has a considerably greater 
number of gear positions than a small truck (e.g., pick- 
up truck). For example, the large truck is equipped with 
a four-gear main gear assembly, a two-gear splitter gear 
assembly of relatively small gear ratio in front of the main 
gear assembly, and a two-gear range gear assembly of 
relatively large gear ratio behind the main gear assem- 
bly. The combination of the splitter gear assembly, main 
gear assembly and range gear assembly provides six- 
teen gear positions as a whole. By employing such 
iarge-number-gear transmission, a driver can select a 
suitable gear so that an appropriate engine condition is 
obtained across a wide range of vehicle speed. Further, 
the driver can accelerate and decelerate the vehicle 
smoothly. 

[0004] Gear position change Is effected by an actua- 
tor under the control of an associated controller. How- 
ever, initiation of the gear position change is effected by 
either automatically under the control of the controller 
or manually. The driver can momentarily tilt a shift lever 
to the front and back from a D position or range (= H 
position), which is a stable driving gear position. In the 
manual shift mode, if the driver moves the shift lever for- 
ward from the M position, the controller recognizes that 
the driver wants to shift up the transmission, and if the 
driver moves the shift lever backward, the controller as- 
sumes that the driver Intends to shift down the transmis- 
sion. Subsequently, the controller shifts up or down the 
transmission from a current gear position. By repeating 
this shift up (or down) operation, the transmission gear 
position is gradually raised (or lowered). If the driver 
keeps the shift lever In the H position, the current gear 
position Is maintained. In the automatic shift mode, the 
driver does not have to move the shift lever; Instead, 
even if the shift lever remains in the D position, the con- 
troller selects a most appropriate gear position based 
on an engine running condition and/or vehicle speed 
and automatically effects the shifting up or down. 
[0005] Although the transmission has sixteen gears, 
all the gears from the first to sixteenth are not used dur- 
ing driving. Some of the gears may be frequently utilized 
depending upon vehicle load condition, driver's Inten- 



tion, etc. For instance, when a large truck with a trailer 
starts moving, a very low gear position such as first or 
second gear Is generally selected if the trailer carries a 
relatively heavy load. On the other hand, if the load is 
not so heavy, a relatively high gear position such as 
fourth, fifth or sixth gear may be selected. In the latter 
case, the tractor-trailer can smoothly start and acceler- 
ate with the relatively high gear, and the driver can ex- 
perience comfortable starting. Further, since clutch dis- 
engagement and engagement take place less frequent- 
ly as compared with the former case, clutch wear Is re- 
duced and its life is elongated. If the tractor does not tow 
the trailer, a still higher gear such as ninth gear may be 
selected to experience comfortable starting. The first or 
second gear may be selected in a particular situation, 
e.g., when the vehicle starts on an uphill, when an en- 
gine torque should be raised because of low atmospher- 
ic pressure in mountains, or when the driver should op- 
erate the vehicle delicately at a low speed to park in a 
garage. 

[0006] In order to start the large truck having sixteen 
gear positions smoothly, a gear for starting should be 
selected appropriately based on a vehicle load, road 
condition, driver's intention, atmospheric condition, etc. 
However, the shift lever only allows shifting up and down 
so that the first gear Is always selected in every initial 
setting and the shift lever operation must be repeated 
until a desired start gear is reached. Thus, the driver is 
required to tilt the shift lever repeatedly every time the 
driver wants to start the vehicle from a stop condition. 
This Is troublesome and a certain period is needed until 
the vehicle starts, thereby degrading driving comfort. 
[0007] To solve the above described problem, Japa- 
nese Patent Application, Laid Open Publication No. 
7-208590 published on August 11, 1995 and entitled 
"Gear Position Selection Circuit For Use In Semi-Auto- 
matic Transmission" discloses an arrangement for a 
tractor-trailer that has a relay connected in series to a 
key switch and is activated by a trailer pick-up switch 
which is pneumatically activated by a brake system of 
the trailer. The relaying operation of the relay deter- 
mines whether the trailer Is towed or not. If a tractor tows 
the trailer, the transmission Is shifted from the first gear 
to a desired gear successively (gear by gear). If no trailer 
is pulled, the initial shift up operation made by a driver 
selects a certain gear higher the first gear, and then the 
transmission is shifted from that gear successively. It 
should be remembered here that when the tractor pulls 
the trailer with a relatively Ijght load, the driver generally 
wants to start the vehicle at the fourth, fifth or sixth gear. 
According to the above-mentioned Japanese Patent 
Publication No. 7-208590, however, the first gear is al- 
ways selected at the beginning as far as the vehicle pulls 
the trailer. Further, even if the vehicle does not pull the 
trailer, the driver has to conduct the first shift up opera- 
tion to skip over to a certain gear before reaching a de- 
sired gear. Moreover, at least four signal lines are re- 
quired for the relay in order to determine whether the 
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vehicle tows the trailer or not. It should be noted that 
there is crowded wiring near the key switch in any vehi- 
cle, so that additional wiring (at least four additional 
lines) makes the arrangement complicated. 
[0008] One of the objects of the present invention is 
to provide an arrangement for a multi-gear transmission 
that can solve the above problems. 
[0009] According to one embodiment of the present 
invention, there is provided an apparatus for use with a 
transmission equipped with an actuator for shifting the 
transmission and a first controller for issuing a command 
to the actuator to control a shifting operation of the trans- 
mission, the apparatus including a second controller for 
selecting one start gear, higher than a lowest gear of the 
transmission, fronn a plurality of predetermined start 
gears when starting a vehicle. With this apparatus, if a 
driver moves a shift lever to a D position, a start gear Is 
automatically selected. 

[0010] The second controller may select one start 
gear from two, based on whether the vehicle tows an- 
other vehicle or not. The apparatus may further include 
a sensor for detecting the trailing vehicle, and the sec- 
ond controller may select a single start gear from the 
two candidates based on detection result from the sen- 
sor. The sensor may detennlne whether there is a trail- 
ing vehicle or not based on change in voltage or cun-ent 
of a signal issued to the trailing vehicle from the leading 
vehicle to illuminate a brake lamp of the trailing vehicle. 
The sensor may be a contact type or optical type switch 
mounted on the leading vehicle, and the trailing vehicle 
is mechanically coupled with the leading vehicle such 
that a certain portion of the trailing vehicle touches the 
switch when the trailing vehicle is towed by the leading 
vehicle. A driver may be able to decide the predeter- 
mined start gears. 

[001 1 ] Additional objects, aspects and advantages of 
the present invention will become apparent to those 
skilled in the art to which the invention relates from the 
subsequent detailed description of the invention and ap- 
pended claims taken In conjunction with the accompa- 
nying drawings. 

[0012] Figure 1 1llustrates a flowchart for selecting one 
start gear from two candidates according to the present 
invention; 

[001 3] Figure 2 illustrates a flowchart for preparing the 
two start gear candidates used In Figure 1 by a learning 
process; 

[0014] Figure 3 illustrates an engine drive mechanism 
Incorporating a transmission arrangement of the 
present invention; 

[0015] Figure 4 Illustrates the detail of the transmis- 
sion and associated pneumatic cylinders used In the ar- 
rangement shown in Figure 3; 
[0016] Figures illustrates a table of gear combination 
of the transmission; 

[0017] Figure 6 schematically illustrates a trailer de- 
tector; 

[0018] Figure 7 illustrates a modified trailer detector; 



[0019] Figure 8 schematically illustrates a clutch ac- 
tuator used in the arrangement shown in Figure 3; and 
[0020] Figure 9 illustrates another flowchart for pre- 
paring the two start gears used in Figure 1. 
5 [0021] Now, embodiments of the present Invention 
will be described in reference to the accompanying 
drawings. 

[0022] A transmission of the present invention is 
equipped with a controller that causes an actuator to 

^0 shift the transmission in response to shift up and down 
movements of a shift lever made by a driver. The trans- 
mission further possesses a start gear determination 
function as illustrated In Figure 1 and a start gear can- 
didate preparation function shown In Figure 2 or 9. The 

IS latter function prepares a plurality of start gear candi- 
dates, from which one start gear is selected by the func- 
tion of Figure 1 . The present invention is preferably ap- 
plied to a tractor-trailer with a diesel engine and multi- 
gear transmission, and such tractor-trailer will be de- 

20 scribed below. The tractor further possesses an auto- 
matic clutch mechanism for disengaging and engaging 
a clutch with a clutch actuator under the control of a con- 
troller, and a manual clutch disengagement and en- 
gagement mechanism that Is effected upon stamping 

25 and releasing of a clutch pedal. 

[0023] Referring to Figure 3, an engine drive system 
includes the transmission 302 connected to an engine 
301 via a clutch 404, a pneumatic cylinder unit 303 
which serves as an actuator of the transmission 302, an 

30 engine revolution speed sensor 304 for detecting engine 
rotations, an output shaft rotation speed sensor 305 for 
detecting rotation speed of an output shaft of the trans- 
mission 302 as a vehicle speed, a controller (transmis- 
sion control unit: TMCU) 306 for executing a control log- 

55 ic related to transmission gear position change, an ac- 
celerator sensor 307 for detecting depression of an ac- 
celerator pedal and converting it to an accelerator open- 
ing degree, a shift lever unit 308 for transmitting a shift- 
ing operation made by a driver to the controller, an au- 

40 tomatlc/manual (A/M) selection switch (not shown) for 
shift mode switching between a manual mode and an 
automatic mode, an emergency gear position switch 
309 for selecting a certain gear in a special occasion 
such as in an emergency situation, a clutch pedal 310 

45 for disengaging and engaging the clutch manually, a 
brake sensor (not shown) for detecting shallow depres- 
sion of a brake pedal, a trailer socket 602 (Figure 6) pro- 
vided at a rear of the tractor for transmitting a trailer 
brake lamp Illumination signal to the trailer, a trailer de- 

50 tector 600 (Figure 6 or 7) for determining whether the 
trailer is towed by the tractor, a gear position detector 
(not shown) for detecting a current gear position, and a 
gear position indicator311 for indicating the current gear 
in a console or meter panel unit in front of a driver. An- 

55 other controller (engine control unit: ECU) 312 executes 
a control logic related to the engine operation such as 
timingand amount of fuel injection. A clutch actuator 31 3 
Is driven by an electromagnetic valve (MV) 314 for au- 
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tomatically disengaging and engaging the clutch. The 
controller 306 receives signals Indicative of vehicle run- 
ning conditions from the engine revolution speed sensor 
304, output shaft rotation sensor 305 and other sensors 
and detectors, and then refers to shift down and up 
maps which are stored beforehand in its memory to re- 
trieve necessary data. Further, the controller 306 is able 
to execute and/or control various functions and opera- 
tions at certain time intervals such as several-ten milli- 
seconds by multiple timer Interruption. The transmission 
controller 306 is connected to the engine control unit 31 2 
by a bus or the like so that It can communicate with the 
engine control unit 312. The shift lever unit 308 has rear 
(R), neutral (N), drive (D) or hold (H), shift up (UP) and 
shift down (DOWN) positions. The R. N, D and H posi- 
tions are stable or stationary positions, and the UP and 
DOWN positions are momentary or Instantaneous posi- 
tions. The shift lever 308 also has the A/M switch at the 
top :)f a lever stem. Reference symbol MVC1 designates 
an tiiectromagnetic valve for maintaining air pressure. 
MVC2 a clutch proportion valve, and MVCE another 
electromagnetic valve for emergency. More detail of the 
engine drive system shown in Figure 3 can be found in 
Japanese Patent Application No. 2000-63337. 
[0024] Referring to Figure 4, the detail of the trans- 
mission 302 and pneumatic cylinders will be described. 
[0025] The transmission 302 includes a four-gear 
main gear assembly 401, a splitter assembly 402 with 
relatively small gear ratio in front of the main gear as- 
sembly 401 , and a range gear assembly 403 with rela- 
tively large gear ratio behind the main gear assembly 
401. The splitter assembly 402 has three positions, 
namely, a high gear (H), low gear (L) and neutral. Rota- 
tions of an input shaft 405 transferred from a driven plate 
in the clutch 404 are further transferred to a countershaft 
406 at the gear ratio H or L through the splitter assembly 
402 or Interrupted by the splitter assembly 402. The 
main gear assembly 401 has six positions, namely first 
(1st), second (2"^), third (S""*^), fourth (4*^), reverse (Rev) 
and neutral positions. When the splitter 402 is in its L 
position, a dog gear rotated by the input shaft 405 en- 
gages with a sleeve slid by the pneumatic cylinder unit 
303 and Its rotation is transmitted to a main shaft 407. 
When the splitter 402 is in its H position, another dog 
gear Integral with a main gear in mesh with a counter 
gear integral with the counter shaft 406 engages with a 
sleeve and rotation of the dog gear is transmitted to the 
main shaft 407 at a different gear ratio. Thus, the rota- 
tions of the countershaft 406 are transferred to the main 
shaft 407 at four gear ratios in the same rotational di- 
rection for forward movement or one gear ratio In the 
opposite rotational direction for backward movement 
through the main gear assembly 401 or interrupted by 
the main gear assembly. The range gear assembly 403 
includes a planetary gear mechanism 408. Specifically, 
it includes a sun gear secured on the main shaft 407, a 
plurality of planetary gears around the sun gear, a carrier 
secured to the output shaft 409 for supporting the plan- 



etary gears, and a ring gear around the planetary gears. 
A spline on a housing or a spline on the output shaft Is 
coupled with the ring gear to transfer the rotations of the 
main shaft 407 to the output shaft 409 at the gear ratio 
5 of H or L. 

[0026] A countershaft brake 41 0 is provided for brak- 
ing the countershaft 406. A sensor 41 1 detects the coun- 
tershaft rotation speed. The countershaft brake 41 0 and 
countershaft rotation speed sensor 41 1 are used to syn- 

10 chronize the rotation of a dog gear on the main shaft 
407 with that of a sleeve. In other words, since an elec- 
tronic synchronization control Is conducted without me- 
chanical synchronization units in the illustrated embod- 
iment, the countershaft brake 410 is turned on to lower 

15 the dog gear rotation speed when the sleeve rotation 
speed calculated from an output of the output shaft ro- 
tation sensor 305 is smaller than the dog gear rotation 
speed calculated from an output of the countershaft ro- 
tation sensor 411 . When the rotation speed of the output 

20 shaft substantially matches that of the countershaft, the 
sleeve Is engaged. 

[0027] The pneumatic cylinder unit includes a splitter 
cylinder 41 2 stroke-controlled by three electromagnetic 
valves, a select cylinder 41 3 stroke-controlled by three 

25 electromagnetic valves, a sleeve shift cylinder 414 
stroke-controlled by two electromagnetic valves, a 
range cylinder 41 5 stroke-controlled by two electromag- 
netic valves , and the co untershaft brake 41 0 on/off -con- 
trolled by a single electromagnetic valve 420. These 

30 electromagnetic valves are cooperatively or selectively 
operated to switch and selectively actuate various parts 
of the transmission. Pneumatic pressure is supplied 
from an air tank 41 6. More detail of the transmission and 
pneumatic cylinders shown in Figure 4 can also be 

35 found In the above-mentioned Japanese Patent Appli- 
cation No. 2000-63337. 

[0028] The splitter cylinder 412 Includes an electro- 
magnetic valve MVH connected to a bottom of the cyl- 
inder, an electromagnetic valve MVF connected to a 
40 body of the cylinder and an electromagnetic valve MVG 
connected to a top of the cylinder. The cylinder body re- 
ceives a head with two rods extending in opposite direc- 
tions. Another head having no rod Is received in the cyl- 
inder bottom. 

45 [0029] When the electromagnetic valve MVF is only 
actuated, the right head Is caused to move toward the 
cylinder top (toward the right in the drawing). As a result, 
the splitter sleeve of the splitter 402 operatively connect- 
ed to the right rod moves to the L position. When the 

50 electromagnetic valve MVG is only actuated, the right 
head is moved toward the cylinder bottom so that the 
splitter sleeve is brought into the H position. When the 
two electromagnetic valves MVG and MVH are activat- 
ed, the left head moves to the right, and the right head 

55 moves to the left until the left rod of the right head abuts 
the left head and the right head stops at a mid position. 
This causes the splitter sleeve to stay In the neutral po- 
sition. 
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[0030] The select cylinder 413 has an electromagnet- 
ic valve MVE connected to a bottom of the cylinder, an 
electromagnetic valve MVD connected to a body of the 
cylinder and an electromagnetic valve MVC connected 
to atop of the cylinder. A first head with rods extending 
In opposite directions is received in the cylinder body 
and a second rod without rod is received In the cylinder 
bottom, 

[0031] When the electromagnetic valve MVD is only 
actuated, the first head moves toward the cylinder top 
so that the selector 41 6 connected to the projecting rod 
moves to the N3 position of the shifter 417. From the N3 
position, the main gear assembly 401 can be shifted into 
the third or fourth gear position. When the electromag- 
netic valve MVC Is only actuated, the first head moves 
toward the cylinder bottom so that the selector 416 
moves to the N1 position of the shifter 41 8. From the N1 
position, the main gear assembly 401 can be shifted to 
the reverse position. When the two electromagnetic 
valves MVC and MVE are actuated, the second head 
moves toward the cylinder body and the first head 
moves toward the cylinder bottom until the rod thereof 
abuts the second head and the first head stops at a mid 
position. Therefore, the selector 41 6 stops at the N2 po- 
sition of the shifter 419. From the N2 position, the main 
gear assembly 401 can be shifted to the first or second 
gear position. 

[0032] The sleeve shift cylinder 414 includes an elec- 
tromagnetic valve MVB connected to a top of the cylin- 
der and an electromagnetic valve MVA connected to a 
bottom of the cylinder. A head having a rod is received 

in a body of the cylinder. 

[0033] When the electromagnetic valve MVA is only 
activated, the head moves toward the cylinder head so 
that the selector 41 6 connected to the rod moves to the 
left in the drawing (toward the group of the reverse, sec- 
ond and fourth gear positions of the shifters 417, 419 
and 418). When the electromagnetic valve MVB is only 
activated, on the other hand, the head moves toward 
the cylinder bottom so that the selector 416 connected 
to the rod moves to the right (toward the group of the 
first and third gear positions). When the electromagnetic 
valves MVA and MVB are both activated, the head is 
brought into a neutral position and the selector 416 
takes a neutral position. 

[0034] The shifters 41 7, 41 9 and 41 8 are operatively 

connected to the associated sleeves of the main gear 
assembly 401 . Thus, if the select cylinder 413 causes 
the selector 41 6 to move Into the N1 , N2 or N3 position 
and the sleeve shift cylinder 41 4 causes the selector 4 1 6 
to move, a desired sleeve engages with a desired dog 
gear and the main gear assembly 401 is shifted to its 
first, second, third, fourth or reverse gear position. Fur- 
ther, if the selector 41 6 is brought into the neutral con- 
dition, the main gear assembly 401 becomes neutral. 
[0035] The cylinder 41 5 for the range gear assembly 
includes an electromagnetic valve MVI connected to a 
top of the cylinder and an electromagnetic vajve MVJ 



connected to a bottom of the cylinder. A head having a 
rod is received in a body of the cylinder. 
[0036] When the electromagnetic valve MVI is only 
activated, the head Is moved toward the cylinder bottom 
5 so that the range sleeve of the range gear assembly 403 
connected to the rod is moved to the H position. When 
the electromagnetic valve MVJ is only activated, the 
head is moved toward the cylinder head so that the 
range sleeve is moved to the L position. 
10 [0037] By selectively turning on and off the above de- 
scribed electromagnetic valves of the pneumatic cylin- 
der arrangement, It is possible to switch the multi-stage 
transmission 401 among eighteen gear positions (six- 
teen forward positions and two backward positions). In 
IS addition, two kinds of neutral position, namely the split- 
ter neutral and the main gear neutral, are obtained. 
[0038] The gear position detector detects a current 
gear position from the conditions (turning on or off) of 
the electromagnetic valves controlled In the above de- 
scribed manner. Alternatively a sensor may be attached 
to each of the pneumatic cylinders to detect a cylinder 
rod stroke and indirectly detemilne the current gear from 
outputs of such sensors. 

[0039] Referring now to Figure 8, the clutch actuator 
and related elements will be described. 
[0040] A clutch booster 801 serves as the clutch ac- 
tuator 31 3 in this embodiment. The stroke of the clutch 
booster 801 is adjusted or changed by air pressure fed 
from a proportional valve 802. An on/off valve 803 is pro- 
vided upstream of the proportional valve 802 for block- 
ing up the air application. An emergency valve 804 is 
provided for forcibly disengaging the clutch. A clutch 
pedal 310 hydraulically actuates a relay piston 805 of 
the clutch booster 801. Reference numeral 811 desig- 
nates an air pressure source, and 812 a double check 
valve. The clutch booster 801 causes an element 806 
to move in proportion to the amount of air fed thereto. 
The element 806 is connected to the pressure plate of 
the clutch 404. 

[0041] Upon turning on of the main power source by 
a key switch of the vehicle, the controller 306 turns on 
the on/off valve 803 to feed the air pressure to the pro- 
portional valve 802. When the power source is turned 
off, the on/off valve 803 is also turned off so as to prevent 
the pressure drop due to escape of the air through the 
proportional valve 802. When the clutch is disengaged 
and engaged, the controller 306 gives a control current 
to the proportional valve 802. The proportional valve 802 
feeds the air to the clutch booster 801 in proportion to 
the current, so that a clutch position is controllable be- 
tween a full disengaged position and a full engaged po- 
sition by the current. Therefore, a delicate control for 
half-engaged condition of the clutch is executable by the 
controller 306. The emergency valve 804 can suddenly 
disengage the clutch 404 so that it is used to prevent 
sudden starting of the vehicle. This vah^e is useful when 
particular part(s) of the apparatus malfunction(s). Turn- 
ing on and off of the emergency valve 804 is made by a 
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command issued from the controller 306, or made by a 
driver manually operating an emergency switch (not 
shown). As the clutch pedal 310 Is stamped, the result- 
ing hydraulic pressure causes the element 806 to move 
and the relay piston 805 to move, thereby feeding the 5 
air to the clutch booster 801 . This promotes movement 
of the member 806. 

[0042] Referring to Figure 5, depicted is a table of sev- 
eral gear combinations of the transmission 302 having 
sixteen gear positions. I.e., how the splitter assembly 
402, main gear assembly 401 and range gear assembly 
403 are combined to provide a synthetic gear (gear po- 
sition of the transmission 302 as a whole). If the main 
gear assembly 401 is set to its first gear, the range gear 
assembly 403 Is set to its L position, and the splitter as- 
sembly 402 is set to its L or H position, then the first or 
second gear among the sixteen gears of the transmis- 
sion is obtained. If the main gear assembly 401 is set to 
its first gear, the range gear assembly 403 is set to its 
H position, and the splitter gear 402 is set to Its L or H 
position, then the ninth or tenth gear among the sixteen 
gears is obtained. Other combinations are not illustrat- 
ed, but it is apparent that if other gear positions of the 
main gear assembly 401 are utilized, the third to eighth 
and eleventh to sixteenth gears are obtained. 
[0043] Referring to Figure 6, illustrated is the trailer 
detector 600. When the tractor tows the trailer, It is nec- 
essary to turn on a brake lamp at the rear of the trailer 
upon stamping a brake pedal. Thus, a trailer brake lamp 
illumination signal 601 should be sent to the trailer from 
the tractor. For this reason, a trailer socket 602 is pro- 
vided at the rear of the tractor. As a plug 603 extending 
from the trailer is coupled with the trailer socket 602, the 
trailer brake lamp signal 601 can reach a trailer brake 
lamp 604. The trailer detector 600 located in the con- 
troller 306 that outputs the trailer brake signal 601 de- 
termines whether trailer is towed or not based on voltage 
drop or current of the brake lamp signal 601 . It should 
be noted that the trailer detector may be located in an- 
other controller adapted to control other lamps. If the 
plug 603 Is not coupled with the socket 602, the brake 
lamp signal 601 maintains the same voltage as the pow- 
er source of the controller 306 and no current flows. 
[0044] The trailer detector 600 may be modified as il- 
lustrated In Figure 7, Specifically, since a trailer front 
portion (not shown) Is mechanically engaged with the 
tractor rear portion 701 , a contact type or optical type 
switch 702 is provided on the tractor rear portion 701 to 
detect the trailer front portion, and on/off of this switch 
702 Is sent to the trailer detector 600 in the controller 
306 to determine if connection Is established between 
the trailer and tractor. If the switch 702 is turned on, a 
signal of ground voltage is fed to the controller 306. If 
the switch 702 is turned off, a signal of the same voltage 
as the power source of the controller 306 Is sent to the 
controller 306. 

[0045] In this manner, attachment and non-attach- 
ment of the trailer to the tractor is detected by the trailer 



detector 600 so that the driver does not have to pay at- 
tention to presence of the trailer behind the tractor. The 
driver does not have to input any signal indicative of 
presence or absence of another vehicle to the controller 
by operating a switch or the like. This lightens the driv- 
er's burden and reduces a chance of making mistakes. 
Since the trailer detector of Figure 6 Is situated inside 
the controller 306 and only required to monitor the trailer 
brake lamp signal 601 , special and additional electrical 
and/or electronic parts and wiring are not needed. The 
trailer detector of Figure 7 only requires the switch 702 
as the additional electrical/electronic part. The switch 
702 can directly be connected to the controller 306 so 
that the wiring is not complicated. 
[0046] Now, a gear for the starting of the vehicle (start 
gear) will be described In detail In reference to Figure 1 . 
[0047] When the shift lever 308 Is moved from the N 
position to the D position, the controller 306 recognizes 
that the driver wants to start the vehicle. Prior to starting 
of the vehicle, the controller executes the flowchart of 
Figure 1 . Specifically, at step SI It is determined whether 
the trailer is towed or not, based on the detection result 
from the trailer sensor 600. If the trailer is towed, the 
program proceeds to S3 to select an appropriate gear 
for such situation, such as the 4**^ gear. If no trailer is 
towed, the program proceeds to 82 and selects, tor ex- 
ample, the gear. The gear position selected at 82 or 
S3 is used as the initial value for the transmission 302 
when the transmission actuator shifts the transmission 
302 at the time of starting of the vehicle. 
[0048] The gear positions at 82 and S3 are prepared 
beforehand. The driver can decide which gear position 
among the sixteen should be selected atS2 and S3, and 
the controller 306 memorizes them. Accordingly, when 
the driver starts the vehicle, the driver is only required 
to tilt the shift lever 308 to the D position; the driver does 
not have to conduct the shift up (or down) operation at 
all. Thus, the moving off operation of the vehicle is con- 
siderably simplified. Further, since frequency of clutch 
disengagement and engagement Is reduced as com- 
pared with the conventional arrangement that requires 
successive (gear by gear) shifting from the first gear, the 
clutch wear is reduced and clutch life is elongated. 
[0049] How the gear positions for S2 and S3 are de- 
cided and memorized will be described in reference to 
Figure 9. 

[0050] First, at 891 It Is determined whether the vehi- 
cle speed is zero or not, using the output shaft rotation 
sensor 305. This detemnines whether the vehicle is 
stopped or not. If the vehicle is not stopped, the start 
gear detemnlnation is not necessary. Accordingly, the 
program goes to END. If the vehicle is stopped, there Is 
a possibility that the vehicle is in the stand-by condition 
for starting. Therefore, the program proceeds to S92. 
[0051] At S92, it is detennined whether the synthetic 
gear position of the transmission 302 is neutral or not. 
If It is neutral, the vehicle Is not In the stand-by condition 
for starting. Thus, the start gear determination Is unnec- 
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essary and the program proceeds to END. if the syn- 
thetic gear position of the transmission is otherthan neu- 
tral, It means that a certain gear has been selected by 
the driver. The driver has shifted up or down the trans- 
mission to this gear position while the vehicle Is stop- 
ping. 

[0052] At the next step (S93), It is determined whether 
the trailer is towed or not. If the trailer is towed, the cur- 
rent gear position detected by the gear position sensor 
is stored as the start gear for the "trailer-towed" condi- 
tion (894). This start gear is used in step S3 In Figure 
1. If the trailer is not towed, the detected current gear 
position is stored as the start gear for the "no-trailer" 
condition (S95) for the step S2 in Figure 1. 
[0053] Once the start gears for S2 and S3 are stored 
in the controller in this manner, one of them is automat- 
ically selected according to the flowchart of Figure 1 
when starting the vehicle. 

[0054] Another process for preparing the two start 
gear positions by a learning process under particular 
conditions will be described In reference to Figure 2. 
[0055] First, it is determined at S21 whether the vehi- 
cle speed is zero km/n or not based on the output of the 
output shaft rotation sensor 305. This confirms that the 
vehicle stands still. If the vehicle is not stopped, a cur- 
rent situation Is not related to selection of a start gear 
so that no learning is effected. If the vehicle is stopped, 
there Is a possibility that a driver wants to start the ve- 
hicle. Thus, the program proceeds to the next step 
(S22). 

[0056] At 822, it is determined whetherthe brake ped- 
al is stamped based on a signal from the brake sensor 
If the answer is no, the learning is not effected. It should 
be noted, however, that this step does not determine in 
effect whether the brake is working, but whetherthe driv- 
er wants the start gear learning process to start. In other 
words, the brake sensor signal is a request for the learn- 
ing. If the brake sensor is not used for this purpose, a 
separate learning start switch may be provided. In such 
case, the learning is conducted only when the driver 
turns on the switch. Use of the brake sensor is advan- 
tageous since the number of parts is reduced. 
[0057] Next, it is determined at S23 whether the ac- 
celerator opening (I.e., accelerator pedal depression) is 
0%. This checks If the accelerator pedal is not de- 
pressed. If the vehicle speed Is 0 km/h and the brake 
sensor is turned on but the accelerator pedal is 
stamped, it is assumed that the vehicle is on a non-flat 
road such as uphill. In such case, the learning is not ef- 
fected. On the other hand, if the accelerator pedal is not 
stamped, the program proceeds to S24. 
[0058] At 824 it is determined whether a predeter- 
nnined period has elapsed since the vehicle stopped. 
The predetemilned period may be 1 .5 seconds. This is 
because there is no need to releam the start gear if the 
vehicle is forced to stop just temporarily, e.g., at a stop 
line or railway crossing. If the answer is no, the program 
proceeds to END. If the predetermined period has 



elapsed, on the other hand, there is a possibility that the 
Start gear learning is needed. Then, the program pro- 
ceeds to 825. It should be noted, however, that if the 
vehicle Is forced to stop at a red traffic light, or on its way 
5 turning to the left or right, or in front of a crosswalk over 
the predetermined period, the driver may release the 
brake pedal or move the shift lever to the neutral posi- 
tion. This temiinates the learning process. If the vehicle 
is parked, the driver may soon release the brake pedal 
10 or move the shift lever to the neutral position. This also 
prevents execution of unnecessary learning. On the oth- 
er hand, If the driver wants to perfonn the learning proc- 
ess to find out a different start gear after stoppage of the 
predetermined period, he or she slightly stamps the 
brake pedal to request the learning. 
[0059] At the next step S25, it is determined whether 
the synthetic gear position of the transmission 302 is the 
neutral or not. If neutral, the vehicle is not in a start 
stand-by condition so that the learning is not conducted. 
If not neutral, a certain gear has been selected, and that 
gear is memorized as the start gear. It should be noted 
that instead of determining neutral or not, S25 may de- 
termine whetherthe actuator is in the process of shifting. 
If the actuator completes the shifting operation, a certain 
gear has been selected for the starting. 
[0060] If all the conditions above are met, the start 
gear is learnt. In sum, when the vehicles is stopped, the 
brake pedal is stamped, the accelerator pedal is not de- 
pressed, the predetennined period has elapsed after 
stoppage of the vehicle and the synthetic gear of the 
transmission is not the neutral, then the start gear learn- 
ing is effected. Because of this, the start gear learning 
is conducted only when the driver wants so. The start 
gear in an unusual situation is not learnt, and further the 
start gear learning is not permitted even If in a normal 
situation as far as the driver does not want so. Accord- 
ingly, a start gear is memorized according to the driver's 
intention or desire, and the driver can restart the vehicle 
comfortably. If the vehicle is in a traffic Jam on an uphill, 
the brake pedal is stamped prior to stamping the accel- 
erator pedal to start the vehicle so that the learning is 
triggered. For the next start, therefore, a start gear suit- 
ed for the uphill starting is automatically selected. 
[0061] Furthermore, at S26 it Is determined whether 
the trailer is towed or not In order to separately memo- 
rize a start gear of when the trailer is towed (827) and 
that of when no trailer Is towed (828). Thus, when the 
tractor is started with the trailer, the start gear memo- 
rized for that situation is retrieved at S3 in Figure 1 , and 
when the tractor is started without the trailer, the start 
gear memorized for such situation is retrieved at 82 in 
Figure 1 . In this manner, an appropriate start gear is al- 
ways selected. 



1. For use with a transmission (302) Including an ac- 
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tuator (303) for shifting the transmission (302) and 
a first controller (306) for issuing a conrimand to the 
actuator (303) to control a shifting operation of the 
transmission (302), an apparatus comprising: 

a second controller (306) for selecting a pre- 
determined start gear higher than a lowest gear of 
a transmission (302) when starting a vehicle. 

2. The apparatus according to claim 1 , characterized 
In that the second controller (306) selects one start 
gear among a plurality of predetermined start gears. 

3. The apparatus according to claim 2, characterized 
in that the second controller (306) selects one start 
gear from two predetermined start gears, based on 
whether the vehicle tows another vehicle or not. 

4. • The apparatus according to claim 3, characterized 

in that the apparatus further includes a sensor 
(600) for detecting the another vehicle, and the sec- 
ond controller selects the one start gear from the 
two predetermined start gears based on detection 
result from the sensor. 

5. The apparatus according to claim 4, characterized 
in that the sensor (600) detemriines whether the an- 
other vehicle is towed or not based on change in 
voltage or current of a signal issued to the another 
vehicle from the vehicle to illuminate a brake lamp 
of the another vehicle. 

6. The apparatus according to claim 4, characterized 
in that the sensor (600) Is a contact type or optical 
type switch mounted on the vehicle, and the another 
vehicle is mechanically coupled with the vehicle 
such that a certain portion of the another vehicle 
touches the switch when the another vehicle is 
towed by the vehicle, and the second controller se- 
lects the one start gear from the two predetermined 
start gears based on turning on and off of the switch. 

7. The apparatus according to any one of claims 3 to 
6, characterized in that the vehicle is a tractor 
equipped with a diesel engine and the another ve- 
hicle is a trailer. 

8. The apparatus according to any one of foregoing 
claims, characterized in that the transmission has 
more than ten gear positions. 

9. The apparatus according to any one of claims 3 to 
8, characterized in that the two predetermined 
start gears are the fourth and ninth gears. 

10. The apparatus according to claim 2, characterized 
in that a driver can decide the plurality of predeter- 
mined start gears. 



11 . The apparatus according to claim 2 or 1 0, charac- 
terized in that the plurality of predetemilned start 
gears are prepared when a vehicle speed is zero 
and the transmission is in a neutral position. 

5 

12. The apparatus according to claim 2 or 1 0, charac- 
terized In that the plurality of predetermined start 
gears are prepared when a vehicle speed is zero, 
a brake pedal is depressed, an accelerator pedal is 

10 not depressed, the vehicle is stopped over a pre- 
scribed period, and the transmission is in a neutral 
position. 

13. An apparatus for use with a transmission (302) of a 
15 vehicle comprising: 

means for storing at least one start gear posi- 
tion higher than a lowest gear of a transmission 
(302); and 

20 means (306) for selecting from the storing 

means one start gear. 

14. The apparatus according to claim 13, character- 
ized in that the selecting means (306) selects one 

25 start gear from two, based on whether a vehicle 
tows another vehicle or not. 

15. The apparatus according to claim 14, character- 
ized in that the apparatus further includes means 

30 (600) for detecting the another vehicle, and the se- 
lecting means (306) selects the one start gear from 
the two based on detection result from the detecting 
means. 

35 16. The apparatus according to claim 15, character- 
ized in that the detecting means (600) determines 
whether the another vehicle is towed or not based 
on change in voltage or current of a signal issued 
to the another vehicle from the vehicle. 

40 

17. The apparatus according to claim 15, character- 
ized in that the detecting means (600) is a contact 
type or optical type switch mounted on the vehicle, 
and the another vehicle is mechanically coupled 

45 with the vehicle such that a certain portion of the 
another vehicle touches the switch when the anoth- 
er vehicle is towed by the vehicle, and the selecting 
means selects the one start gear from the two 
based on turning on and off of the switch. 

50 

18. The apparatus according to any one of claims 1 4 to 

17, characterized In that the vehicle Is a tractor 
equipped with a diesel engine and the another ve- 
hicle is a trailer. 

55 

19. The apparatus according to any one of claims 13 to 

18, characterized In that a dizver can decide the 
at least one start gear to be stored in the storing 
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20. The apparatus according to any one of claims 1 3 to 
1 9, characterized in that the at ieast one start gear 
is prepared when a vehicle speed Is zero and the 
transmission is in a neutral position. 

21 . The apparatus according to any one of claims 1 3 to 
1 9, characterized in that the at least one start gear 

is prepared when a vehicle speed is zero, a brake 
pedal is depressed, an accelerator pedal is not de- 
pressed, the vehicle is stopped over a prescribed 
period, and the transmission is in a neutral position. 
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